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Abstract 
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ABSTRACT 
This paper discusses the theoretical and practical implications of 
barrel and pincushion distortion. Both types of distortion were 
produced with the same +20.00 diopter lens and photographed. 
Key Words: Aberration, distortion, photography 
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IN1RODUCTION 
Traditionally when one talks of distortion he/she associates barrel 
distortion with minus lenses and pincushion distortion with plus 
lenses. However - as this experiment demonstrates - both types of 
distortion can be produced and photographed with the same +20.00 
lens. An optical bench was used to support the two types of 
distortion. (See figure 1, 2, and 3) 
Figure 1 represents the undistorted image of an object that m 
essence is a cross grid pattern. Figure 2 represents barrel distortion, 
which arises when the magnification decreases towards the edge of 
the field. Figure 3 represents pincushion distortion, which arises 
when the magnification increases towards the periphery. 
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Figure I 
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Figure 2 
Figure 3 
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METIIODS 
To produce the two types of distortion an optical bench was used. 
The object is that shown in figure 1. A single +20.00 diopter lens 
(n=1.523) was placed to the right of the object to produce the 
desired distortion. A Canon AE-1 35mm camera with a 70-135mm 
zoom lens with macro function was used to photograph the 
distortion. It was found that a greater effect was achieved by using 
the macro function since the magnification of the image was 
increased. A macro lens is a lens which allows the user to focus at 
object distances which are relatively short when compared to the 
normal zoom lens. The type of film used was TMAX 100 by Kodak. 
Special care was taken to reduce the number of reflections off the 
trial lens surface. The best results were obtained by placing the light 
sources to the object side of the trial lens. This was achieved by 
using two desk lamps with shades containing 60 watt bulbs. It is 
also important that no other light sources in the room are present. 
This produced virtually no reflections off the trial lens surface as 
shown in figures 2 and 3. 
RESULTS 
By using the lighting system described above, it was found that 
the best exposure time for both distortions was 0.25 seconds with a 
f-stop of 22. By using a small aperture size the depth-of-focus was 
increased, thereby allowing the observer to see the cross-grid target 
as well as the image in sharp focus. 
Barrel distortion was best observed while the object distance was 
8.6cm and the image distance 57.2cm. (See Figure 4) Pincushion 
distortion was observed when the object distance was 3.4cm and the 
image distance 44.2cm. (See Figure 5) Note that figure 3 has a 
greater magnification since its object distance has been much 
reduced when compared to that of figure 2. 
The object distance is the distance from the +20.00 diopter lens 
vertex to the cross grid pattern. Likewise, the image distance is the 
distance form the lens vertex to the plane of the image. Here the 
image distance was simply measured to the plane of the film. 
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i 
1<--8 .6cm -->I<------------------- ---57. 2cm ---------------------------->I 
Figure 4: Object and image distances used to produce barrel distortion 
i 
k--3.4cm-> I<-------------------- -44.2cm ---------------------->I 
Figure 5: Object and image distances used to produce pincushion distortion. 
DISCUSSION 
The two types of distortion can be easily explained by ray tracing. 
(See figure 6 and 7). The +20.00 lens in figure 6 forms an image of 
the cross-grid A-B on the screen to the right. While point A is 
correctly imaged into A', point B is imaged into B' which lies to the 
left of the screen. This can best be explained by astigmatism and 
curvature of field. However, when the rays forming B' reach the 
screen, they have formed a blur circle with the chief ray at its center, 
C. If a small circular aperture is placed to the right of the lens, the 
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blur circle becomes smaller and C moves to D, which is further from 
the axis. This results in pincushion distortion. 
Likewise, if the small aperture is placed to the left of the lens, C 
moves to D', which is closer to the optical axis. This results in barrel 
distortion. (See figure 7). 
Figure 6 
Figure 7 
To have a system that is free of distortion the system must have 
uniform lateral magnification over its entire field. A pinhole camera 
is ideal in this respect, for it shows no distortion. This occurs since 
all the straight lines connecting each pair of conjugate points in the 
object and image planes pass through the opening. 
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While looking though a single lens, the eye acts as a distant stop 
so that distortion is seen. This means that all spectacle lenses suffer 
from some form of distortion. When the lens is placed very close to 
the camera the distortion is very much less even though the image 
may be blurred. 
SUMMARY 
This paper has clearly shown that both pincushion and barrel 
distortion can be produced from a single +20.00 diopter lens. The 
author of this paper would like to warn those in this area of interest 
not to associate pincushion distortion with plus lenses and barrel 
distortion with minus lenses. It is of more importance to speak of 
these distortions in relation to object and image distances, and of 
lesser importance in regard to plus and minus lenses. 
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